. The problem of the production of new, active, substances is therefore encountered in relation to enzymes as well as to phage or virus.
Both phage and enzymes are usually produced only by growing cells, but under special conditions they may be produced without any cell growth (17) (18) 29) . has shown that this ability to produce phage without growth is possessed only by cells which have just begun to divide. Hegarty (48) has found that it is precisely these "young" cells which can produce new enzymes. The production of virus in embryonic tissue (49) suggests a similar relation between the condition of the host cell and virus production.
The curves for the rate of formation of phage (23) and of enzymes (24) (25) (26) (27) by cells or from their precursors (28, 45) are similar and more or less autocatalytic in character.
It is evident from the foregoing that a formal analogy exists between the production of phage and the formation of enzymes. If this analogy has any real physical significance the simultaneous formation of phage and of an extracellular enzyme in the same culture should follow very similar curves. In order to test this prediction the rate of formation of phage and of a gelatinase by lysogenic and "sensitive" strains of B. megatherium has been determined under a variety of conditions. In general the curves for the increase of phage and of gelatinase are very similar. There is a rapid increase in phage and enzyme concentration during the growth stage of the bacteria. The increase in all these quantities is logarithmic (autocatalytic); i.e., the amount formed is proportional to the amount already present. The concentration of phage and gelatinase reaches a maximum and then decreases. The decrease may or may not be accompanied by a decrease in the number of cells depending upon the conditions and strain of bacteria used. The production of phage may be separated from that of gelatinase by varying the calcium concentration. In the presence of high calcium concentration little phage is produced while the gelatinase increases to a measurable extent, but less than it does in low calcium concentration. In the absence of calcium no phage is produced and the production of gelatinase is decreased.
If resting cells are used no increase in phage or gelatinase can be detected without cell growth. If rapidly growing cells are used, however, a narrow range of acidity exists near pH 5.5 in which no further cell growth occurs but a large increase in phage may be obtained. Under proper conditions it is therefore possible to separate phage production from cell growth as may be done with enzyme formation. 
EXPERIMENTAL RESULTS

Megatherium
Growing Lysogenic Cultures of B. megatherium (899 I") in Yeast Extract
Media at 35°C.--The results of an experiment in which the bacteria concentration, the plaque count, and the gelatinase activity were determined are shown in Fig. 1 .
There is a lag period of about ½ hour in which no change is detectable. The cell concentration then increases continuously while the phage concentration and gelatinase concentration increase much more rapidly than the cells at first, reach a maximum, and then decrease. The curves are all logarithmic during the stage of rapid increase. The cell concentration remains constant after about 14 hours. There is no demonstrable lysis. The maximum number of plaques per ml. is about 1000 × 106 or about 2-3 times that of the maximum bacteria concentration 40 × 107. The plaque count in the filtrate is nearly the same as that of the suspension. The maximum gelatinase concentration is 100-200 × 10 -4 gelatin units per ml. The relation of gelatinase production to cell growth is the same as that found by Kocholaty, Weft, and Smith (25) The results of an experiment in which 10 ml. of culture was added to 40 rrd. of fresh yeast extract after 24 hours are shown in Fig. 2 . The general slope and relation of the curves remain the same although there is considerable variation in the maximum gelatinase concentration and the maximum plaque count obtained. This experiment was carried through five subcultures without any significant change in the results. Repetition of the experiment gave the same general result. In some cases the maximum gelatinase concentration was much higher and was reached later than in the experiment reported. The decrease in the phage and gelatinase is caused by the growth of the culture and is not due to simple inactivation since filtrates retain their activity under the same conditions. (Fig. 3) . The phage concentration reaches a maximum during the rapid growth of the bacteria and then decreases. The relative concentration of phage to bacteria at this point is below the critical value and therefore no lysis occurs. The maximum gelatinase concentration in this experiment was reached later. The oxygen consumption per minute was determined in 1000 a Warburg respirometer. It increases at first in proportion to the 100 increase in bacteria and then decreases at about the time i0 the plaque count decreases. A similar relation between oxygen consumption and virus production was found by Zinsser and Schoenback (37).
Increase in
High Phage
Concentration.--If cultures of the sensitive strain containing less than 10 8 bacteria per ml. are inoculated with high phage concentration so that the initial plaque count is l0 s per ml. or more lysis occurs. Under these conditions the results are more irregular. If the ratio of phage to bacteria is high the critical ratio necessary for lysis is soon reached and lysis occurs rapidly and is nearly complete. As the ratio of phage to bacteria is decreased lysis is delayed and is less complete and a resistant strain of the organism develops in the culture (Fig. 4) . This resistant strain also produces the percentage of free phage was lower during the first part of the curve. There is some indication that the per cent of free phage increases at about the time lysis commences but the concentrations are changing very rapidly with time at this stage of the reaction and it is difficult to be sure that the free and total phage counts on a sample are really comparable owing to the necessary difference in handling the sample. (25) with Cl. histolyticum.
Increase in Total or in Combined Phage.
--The preceding experiment shows that most of the phage in these cultures is free. This fact renders it possible to determine whether the increase in phage depends on the total phage concentration or on the quantityof combined phage. With most cultures such as Staphylococcus this experiment cannot be done since practically all the phage is combined with the ceils.
In order to determine whether the increase in phage is proportional to the total or to the combined phage a culture was inoculated with phage and shaken until the cell and phage count was beginning to increase. 5 ml. aliquots of the culture were then centrifuged and one set of aliquots stirred again and shaken at 35°C. The supernatant solution containing the free phage was removed from the other aliquots and the supernatant of a similar culture but which contained no phage, added to the precipitate. The precipitate was then stirred and the suspension shaken. The results of this experiment are shown in Table I . The figures are the average of four tubes. They show that the entire suspension contained 1300 plaques per ml. while a suspension of the precipitate contained only 300 plaques per ml. After 2 hours shaking both suspensions contained about 18,000 plaques per ml. Thus the same amount of phage was produced by the precipitate alone as by the whole suspension although the latter contained originally 4 times as many infective units. The quantity of phage produced is there-fore determined by the combined phage only. As in the previous experiment there is the possibility that the actual quantity of phage in the precipitate is much larger than that indicated by the plaque count in which case this experiment is inconclusive.
Effect of Phosphate, Oxalate, or Excess Calcium on Phage or Gelatinase Production.--Bordet (4) and Gratia (35) have found that calcium is necessary for the production of phage. Merrill and Clark (38) found that Tables II and III show that no phage and very little gelatinase is produced in the presence of excess phosphate or oxalate ions which remove the calcium ions. After several subcultures in such solutions the culture no longer produces phage when returned to the control solution without phosphate or oxalate but the gelatinase is formed again under these conditions. Excess calcium also prevents phage formation but does not decrease gelatinase formation markedly.
Increase in Phage without Cell Growth.--Gratia and others early pointed out that increase in phage occurred only when the host cells were increasing (39) . Krueger and Northrop (23) found that this relation held quite accurately but that the ratio of the increase in phage to that of bacteria varied somewhat under different conditions indicating that it might be possible to separate phage increase from cell growth. Such a result is to be expected from the analogy between phage and enzyme production since microorganisms may produce enzymes (17) (18) 29) under certain conditions without cell division. Pepsin and trypsin may be formed from their precursors in vitro (28) . Thus, if any real relation exists between phage produc-tion and enzyme formation it should be possible to obtain increase in phage without cell growth and probably even in cell free extracts. Krueger and his co-workers (30-31) was subsequently able to separate the two variables and obtain increase in phage without any increase in cells and also in cell free extracts (50) . The increase in phage without cell growth can only be obtained when "young" cells are used. This result is in striking agreement with the results of Hegarty (48) The results of such an experiment are shown in Fig. 9 . The number of bacteria decreases slightly at pH 5.43, 5.52, and 5.58. The plaque count decreases at 5.43 but increases more than 50 times in an hour at pH 5.52 and 5.58. At 5.64 there is some increase in cells. Control experiments without phage give the same figure for the changes in bacteria concentration as in the cultures which contained phage. (39, 40) found that the plaque count in growing cultures increased in steps or "bursts" and this observation has recently been confirmed by Ellis and Delbrtick (41) . d'Herelle considered that the phage particle multiplied in the bacteria cells and that the cell then burst liberating a large number of phage partides. These particles attached themselves to other bacteria and the process was then repeated.
Phage Production during Growth or Lysis.--d'Herelle
Burnet (42) tested this hypothesis by determining the increase in plaque count in small samples containing originally one or two plaques but the results are not very convincing owing to the small number of counts made. A more serious difficulty lies in the fact that the percentage of samples showhag positive results increased from 40 to 100. This result shows either that the method used will not detect one particle or else that the phage increases, not from 1 to 40 particles but from 0 to 40. If the method cannot detect a single particle the results indicate that a certain minimum concentration of phage is needed to give positive results and the sudden increase in plaque count occurs when this minimum is overstepped.
:BACTERIOPItAGE AND G:ELATINASE CONCENTRATION
In any case there are no data to show that the sudden increase occurs during lysis as the number of bacteria was not determined.
Doerr and Griininger (53), Bronfenbrenner (39) , and Krueger and Northrop (23) found that the principal increase in phage occurs during growth of the bacteria and very little after lysis starts. Similar results were obtained by Clifton and Morrow (52). Krueger and Northrop considered that lysis occurred when the phage per bacteria ratio reached a certain critical value. In confirmation of this idea they found that the addition of very concentrated phage to growing cultures caused immediate lysis and that under these conditions no increase in phage occurred. This experiment has been repeated by the writer with the result shown in Fig. 10 . The results show that lysis starts immediately after the addition of the concentrated phage. The curve is a typical probability integral and when plotted in the differential form gives the usual probability curve. This is the result usually obtained when a culture of bacteria is killed. If lysis is caused by the increase of the phage particle inside the cell there should be a lag period of 20-40 minutes before any lysis occurs and the phage concentration should increase. Actually there was a slight decrease in phage instead of an increase.
The method used by Krueger and Northrop (23) crease at lysis would be predicted by d'Herelle's hypothesis when the total quantity is determined since it is assumed that there is merely a redistribution of phage at that time. Also no lysis could be detected during the upward part of the growth curve when most of the phage is formed. Ellis and Delbrttck account for this by assuming that the percentage of bacteria lysed at this time is so small as to escape detection.
BACTE1LIOPHAGE AND GELATINASE CONCENTRATION
With the resistant strain of B. megatherium used in the first two experiments reported no lysis can be observed at any time yet the plaque count reaches a height of more than 109 per ml. This figure is 3-4 times that of the total cell concentration. If the phage particles have been liberated by undetected lysis of cells it must be supposed that each cell liberates large numbers of phage particles.
It is difficult, from this point of view, to account for the increase in both bacteria and phage from one infected organism. If the phage increases only when the organism undergoes lysis then one infected organism could give rise to either more phage or more cells but not both. If the cell lyses more phage will be liberated but no cells will be present. If the cell does not lyse there will be more cells but no increase in phage. However, single cells of this lysogenic strain give rise to colonies as well as to more phage (55) .
If the percentage of organisms lysed during the growth period is very small the percentage of phage formed during this period must also be very small if it is assumed that each lysed cell liberates a constant amount of phage. According to this idea the principal increase in plaque count must occur after visible lysis starts and the increase in plaque count must be roughly proportional to the decrease in the number of cells. If, on the other hand, the phage is produced on or in the growing cells then the principal increase in phage will occur during growth instead of during lysis. This relation is best shown by plotting phage concentration versus bacteria concentration. If phage is liberated during lysis such a curve should rise only a few per cent as bacteria increase and the principal increase in phage should appear as bacteria decrease. This will give a curve of type L in Fig. 11 . If, on the other hand, phage is formed and liberated continuously by the growing bacteria then the phage count should increase rapidly as bacteria increase and slowly or not at all as lysis starts and bacteria decrease. This will give a curve of the type G in Fig. 11 . The results of ten experiments are plotted in Fig 11. All the curves but two (27 and 93) are of the G form. In the two L curves the amount of phage formed per bacteria lysed is small and the form of the curve is determined by only one point. These curves are similar to those found by Krueger and Northrop with Staphylococcus phage.
The decrease in phage during lysis cannot be ascribed to an inhibiting substance since filtrates from growing cultures or from cultures which have been dissolved by lysozyme do not cause a decrease in plaque count. If anything there is an increase in the presence of such filtrates.
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In the case of megatherium and of Staphylococcus, therefore, it cannot be assumed that phage is liberated during lysis unless some secondary hy-pothesis is added. In the case of some strains of B. ¢oli, however, there is an increase in phage during lysis and the curves are of the L type (personal communication from Dr. Ellis). (Figs. 5 and 6 ). Since changes in bacterial growth rate are greatly exaggerated in phage increase rates a very small change in bacteria may make a very large change in phage.
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These step-like curves are found only in cultures which contain resistant forms and not in cultures like Staphylococcus where lysis is complete and no resistant form appears. It is suggested that the step-like curves are due to the presence of two or more strains of bacteria or two or more phages of different rates of increase. It was noted by Burner that some phage solutions gave a longer lag period than others and this observation has been confirmed in the course of this work. Obviously the presence of these two types of phage will give step-like curves.
Experimental Methods
Bacterial Concentration.--The light absorption of a series of standard suspensions of known bacterial content was compared with that of a solution of ~/25 copper sulfate in M/10 sulfuric acid in a Klett photoelectric colorimeter. The ratios of the colorimeter readings were then plotted against the cell content of the standard suspension. The bacterial concentration of the unknown sample was determined by comparing the unknown with the copper sulfate and reading off the equivalent bacterial concentration from the copper sulfate-standard suspension curve (Fig. 12) .
Preparation of Standard Suspension.--A rapidly growing suspension in 2 per cent peptone was analyzed for total cell count by direct microscopic count, number of colonies by plating on agar, and total dry weight by washing and drying to constant weight at 100°C. The suspension contained 1 × l0 s cells per ml., usually in clusters of 4-8 cells; 0.2 × 108 colonies and 0.2 rag. dry weight.
The dry weight content of different suspensions may be determined within a few per cent by this method but the cell count per milligram dry weight varies quite widely owing to the difference in the size of the bacteria. The results have been expressed in terms of number of cells in a standard suspension having the same light absorption in order to show the approximate relation between the actual number of cells and the number of phage plaques. They are accurate to a few per cent for the total quantity of bacteria expressed in milligrams but there may be a considerable error in the number of cells. The method does not distinguish between living and dead cells. Phage Determination.--The time of lysis method described by Krueger (43) cannot be used with B. megatherlurn since lysis is too slow and incomplete to allow accurate determination of the time required for lysis. The plaque count method was therefore used following the elegant technique described by Gratia (32) . This method gives very accurate and reproducible plaque counts. The most accurate counts are obtained with 200-500 plaques per plate. Under these conditions the probable error of the average of 5 plates is less than 10 per cent. The results by this method are complicated by the fact that what is determined is the number of infected cells rather than the concentration of phage itself. Thus a cell which is infected will give rise to one plaque no matter how much or little phage it contains. Since the megatherium cell grows in clumps a further complication arises because a clump containing one or several infected ceils will give one plaque in either case. The results also vary somewhat depending upon the agar concentration, as Bronfenbrenner and Korb (44) found.
Indicator Culture.--The sensitive strain of megatherium 36 was used in making plaque counts. The culture was kept on broth agar slants, incubated 24 hours at 30°C., and stored at 6°C. Transplants were made once a week. If transferred every day the culture may become resistant. The growth was washed from the slant with 5 ml. sterile yeast extract and broth agar Blake bottles were inoculated with 1 ml. of the suspension and incubated at 30°C. for 18 hours. The growth was washed off in 10 ml. of yeast extract and diluted to 0.1 nag. bacteria per ml. (5 × 107 bacteria) and shaken 1 hour at 35°C. in Florence flasks. It was then allowed to stand at 20°C. and 3.5 ml. used to prepare the plate as described by Gratia. Control experiments showed that the count varies with the condition of the culture. Thus, if the suspension is used immediately after washing off the Blake bottle the count is about one-half that which is obtained after 1 hour shaking. Mter this time the culture gives constant counts for [15] [16] [17] [18] [19] [20] (23) found that much more regular results were obtained with Staphylococcus culture and phage if the culture were shaken. Gratia (32) has noted the same result with megatherium and this result has been confirmed in the present work. Merrill and Clark (38) found greater production of gelatinase in aerated cultures. The culture was grown in 250 ml. Florence flasks containing 100 ml. or less culture media. They were rocked in a water bath at the desired temperature so as to cause violent agitation. Under these conditions the bacteria concentration doubles in less than 1 hour and a maximum concentration of 4--6 × 108 bacteria per ml. equivalent to 1 mg. per ml. dry weight is reached. If the culture is not shaken growth is very much slower and never reaches such high values.
